Abstract The projected climate change signals of a five-member high resolution ensemble, based on two global climate models (GCMs: ECHAM5 and CCCma3) and two regional climate models (RCMs: CLM and WRF) are analysed in this paper (Part II of a two part paper). In Part I the performance of the models for the control period are presented. The RCMs use a two nest procedure over Europe and Germany with a final spatial resolution of 7 km to downscale the GCM simulations for the present and future A1B scenario (2021-2050) time periods. The ensemble was extended by earlier simulations with the RCM REMO (driven by ECHAM5, two realisations) at a slightly coarser resolution. The climate change signals are evaluated and tested for significance for mean values and the seasonal cycles of temperature and precipitation, as well as for the intensity distribution of precipitation and the numbers of dry days and dry periods. All GCMs project a significant warming over Europe on seasonal and annual scales and the projected warming of the GCMs is retained in both nests of the RCMs, however, with added small variations. The mean warming over Germany of all ensemble members for the fine nest is in the range of 0.8 and 1.3 K with an average of 1.1 K. For mean annual precipitation the climate change signal varies in the range of -2 to 9 % over Germany within the ensemble. Changes in the number of wet days are projected in the range of ±4 % on the annual scale for the future time period. For the probability distribution of precipitation intensity, a decrease of lower intensities and an increase of moderate and higher intensities is projected by most ensemble members. For the mean values, the results indicate that the projected temperature change signal is caused mainly by the GCM and its initial condition (realisation), with little impact from the RCM. For precipitation, in addition, the RCM affects the climate change signal significantly.
Introduction
In the fourth assessment report (AR4) of the Intergovernmental Panel on Climate Change (IPCC) a global warming of about 0.2 K per decade for the twenty-first century is projected within the range of the SRES scenarios, with even larger increases for sub-regions, such as Europe ). For annual mean precipitation, an increase in most of Northern Europe and a decrease in most of the Mediterranean area are projected. For Central Europe, the AR4 GCM ensemble models show approximately equal projections of increases and decreases in annual mean precipitation, and weak signals. On seasonal scales, precipitation is likely to increase in winter in Northern and Central Europe, and to decrease in summer in Southern and Central Europe, but the models disagree on the magnitude and geographical details of the climate change signals. Thus, Central Europe is a region with large uncertainty for the mean state of future climate. In addition changes in the probability distribution of precipitation are projected (e.g. Frei et al. 2003; Boberg et al. 2009 Boberg et al. , 2010 .
For many climate impact studies, simulation results of regional climate simulations are an essential input. In particular impact studies investigating climate changes of natural hazards require high resolution meteorological forcing data. One example is hydrological simulations for the assessment of flood hazards in a changing climate, in particular for smaller and medium sized catchments. The increase in horizontal resolution enables a more detailed model simulation which usually provides better simulation results in the presence of complex fine scale topographical features and in simulating extreme events (Giorgi 2006) . Furthermore, a better performance of the simulated spatial patterns and intensity distributions of precipitation is achieved (Boberg et al. 2010) .
The spatial resolution of RCM simulations has steadily increased over the last decades. For Europe, larger ensemble assessments of climate changes were carried out in the PRUDENCE project ) with a main resolution of around 50 km and the ENSEMBLES project (Hewitt 2005 ) with a spatial resolution of 25 km. Even higher resolutions have been carried out, e.g. with the RCM CLM at around 18 km in the socalled consortium simulations (Feldmann et al. 2008) , with the HIRHAM model at 12 km within the PRUDENCE project , and with the REMO model at 10 km within the framework of UBA (Umweltbundesamt) and BFG (Bundesanstalt für Gewäs-serkunde) projects (Jacob et al. 2007b ) covering the region of Germany. The PRUDENCE projections of changes in precipitation show a north-south gradient with positive changes in the north and negative changes in the south and a transition zone which moves with the season and varies between the models . For temperature, an increase is projected for all seasons all over Europe with largest warming in summer in the Mediterranean region. The analysis showed higher geographic details in the fields modelled and a tendency for less warming compared to the coarser GCM simulations. Furthermore, they noted that regional models with quite different biases (Jacob et al. 2007a ) are much closer to one another in simulating climate change. Déqué et al. (2007) assessed the uncertainties of the PRUDENCE regional climate simulations. They found that the role of the GCM is generally greater than the role of the RCM, but for summer precipitation the uncertainty introduced by the choice of the RCM is of the same magnitude as the choice of the GCM. Furthermore, Boberg et al. (2009 Boberg et al. ( , 2010 found a clear relative increase of more intense and decrease of light and moderate precipitation days contributing to total precipitation for the scenario periods.
We constructed a multi model ensemble of high resolution 7 km regional climate simulations for a present and a near future (2021-2050) time period covering Germany and the near surroundings. Simulation periods are 1968-2000 and 2018-2050 which allows three years of spinup for each simulation. The ensemble is based on two GCMs (ECHAM5 and CCCma3) and two RCMs (CLM and WRF), and the simulations were performed within the CEDIM 1 project ''Flood hazard in a changing climate'' to assess the climate change impact on medium and small sized river catchments in Germany . By including multiple GCMs and RCMs and also three realisations (referred to as R1-3 in text and figures) of ECHAM5, the ensemble samples some of the uncertainty involved in future projections due to the models used as well as natural variability. In total, five high resolution simulations were performed, CLM for all 4 GCMs and WRF for ECHAM5 R1. This ensemble is the largest set of RCM simulations for Germany at such high horizontal resolution for two 30 year time periods. Furthermore, the ensemble includes to our knowledge the first long-term regional climate simulation of the RCM WRF for Central Europe. In addition, two earlier simulations carried out with the REMO model at 10 km resolution (Jacob et al. 2007b) are included for the analysis and comparison.
The near future time period 2021-2050 was chosen due to the scope of this project to investigate changes in flood hazard for a period which conforms with the planning horizons of water resource management systems. For this time period the projected climate change signal is minor compared to the last 30 years of the twenty-first century which is usually applied in studies investigating possible climate change. Furthermore, the choice of the emission scenario on the projected climate change signal is low for the near future time period.
In Part I ) of this two part paper, the ensemble was validated with observational data. The validation results showed the benefit of bringing high detail in the spatial patterns, and added value to the precipitation intensity distribution, especially for extreme events, as also previously seen in e.g. Boberg et al. (2010) and Frei et al. (2003) . In the current paper, Part II, climate projections for temperature and precipitation for a near future time period are investigated together with possible added value of higher spatial resolution.
The applied GCMs and RCMs are described briefly in Sect. 2. Section 3 presents a detailed analysis of the projected change signals of the GCMs and both nests of the RCMs. The paper closes with a summary and conclusions in Sect. 4.
Models
The ensemble is based on two GCMs and two RCMs, which are described in detail in Part I of this study and only the main features of the models are repeated here. The two GCMs (ECHAM5 and CCCma3) were selected based on their performance on a global scale (Reichler and Kim 2008) and on their availability. For the dynamical downscaling two state of the art, non-hydrostatic RCMs (CLM and WRF) were chosen. Due to the large step in horizontal resolution between the GCMs (200-300 km) and the target resolution of 7 km, a double nesting approach is applied for each of the RCMs.
GCMs
The bulk of the simulations are carried out using the IPCC-AR4 simulations with the ECHAM5/MPIOM model system at T63 resolution (Roeckner et al. 2003) . Three realisations, i.e. simulations with different initial conditions, of these simulations are used. In addition, one CLM simulation uses realisation four of the CCCma3 (Scinocca et al. 2008 ) at a T47 horizontal resolution. For both GCMs the responses to the IPCC SRES A1B forcing scenario are investigated in comparison to the twentieth century anthropogenic forcing only simulations.
RCMs
The CLM model (version 4.8) uses a Runge-Kutta timestepping scheme, the radiation scheme of Ritter and Geleyn (1992) is called every hour, the Tiedtke (1989) scheme is used for convective mass flux parameterisation and the four species cloud scheme of Doms and Schättler (2002) provides prognostic precipitation.
The WRF-ARW model version 3.1.1 (Skamarock et al. 2008 ) uses the WSM5 microphysical parameterisation (Hong et al. 2004; Hong and Lim 2006) , the modified version of the Kain-Fritsch scheme (Kain 2004) for cumulus parameterisation, the Noah land surface model (Chen and Dudhia 2001) , the YSU PBL parameterisation ), Dudhia shortwave (Dudhia 1989 ) and RRTM longwave (Mlawer et al. 1997 ) radiation scheme.
Both RCMs, CLM and WRF, follow a double nesting procedure with a coarse nest extending over all of Europe at around 50 km resolution, and the fine nest covering Germany and the near surroundings at 7 km resolution (see Fig. 1 ). Both models use 40 vertical levels for both nests.
Results from previous simulations with the REMO model at a slightly coarser resolution are included in this study for comparison (Jacob et al. 2007b) . The hydrostatic REMO model (Jacob et al. 2001 ) is based on the ECHAM4 physical package using radiation parameterisation of Morcrette et al. (1986) , the Sundquist (1978) large-scale cloud parameterisation and the Tiedtke (1989) and Nordeng (1994) convective parameterisations. For the simulations for Germany, Jacob et al. (2007b) used a double nesting approach with a coarse nest of about 50 km and a fine nest of about 10 km, both with 27 vertical levels to dynamically downscale realisation one and two of the ECHAM5 GCM simulations.
Results
For the analysis of projected climate change between the present and near future A1B scenario (2021-2050) time periods, the same domains are used as for the validation process. The analysis comprises entire Europe for the GCMs and the coarse nests and the political region of Germany for the fine nest (see Fig. 1 ). For the direct comparison of the different simulations, each of the model grids were bilinearly interpolated to regular grids of 0.44°for the coarse nest and 0.0625°for the fine nest. Due to the close agreement between the original models grids and the regular grid, the interpolation does not affect the results significantly.
To investigate the evolution of the climate change signal and the corresponding uncertainties, the analysis includes the coarse resolution GCM and coarse nest RCM results. The focus of this paper is, however, on climate change projections for Germany of the high resolution fine nest simulations. To estimate the statistical significance of the climate change signals, Student's t tests were performed, and presented with 95 % confidence intervals in the figures. For the tests, annual means were used in order to have independent and identically distributed data. For temperature, the linear trend within the two 30-year time periods was first removed so that the time-series become stationary and the distributions remain normal. Before applying Student's t test, the data were tested for normality.
The test results showed that the assumption is fulfilled unless indicated otherwise. Due to the near future time period from 2021 to 2050 of this study the climate change projections of this ensemble can only be compared qualitatively to most previous results (e.g. IPCC-AR4 and PRUDENCE), which usually selected the last 30 years of the twenty-first century as future time period.
GCM and coarse nest simulations
The projected annual mean temperature changes over the coarse nest between the time slices 1971-2000 and 2021-2050 are shown in Fig. 2 . All GCMs, the three realisations of ECHAM5 (in figures named E5R1-3) and the CCCma3 (C3), project a significant warming over Europe. The range of the areal average varies between 1.1 and 1.5 K. Both the CLM and WRF downscaling simulations indicate a similar warming, however, with lower magnitudes in the range of 0.9 and 1.3 K for the areal average. No additional impact of the bias was found. On a seasonal scale an increase of mean temperature is present for all applied GCMs and RCMs (not shown). The warming in Northern and Central Europe is likely to be largest in winter. The projected temperature changes for Europe on an annual and seasonal scale as well as the tendency of less warming of the RCM results in comparison to the GCMs agree with previous results, e.g. from PRUDENCE . Furthermore, the projected temperature range (areal mean between 1.1 and 1.5 K) is also narrower than the bias range (-1 to -5 K for areal means) analysed in Berg et al. (2012) . Besides the overall warming, the patterns and magnitudes of the projected changes show larger impact of the GCM and its realisation on the simulation results compared to the RCM, which agrees with previous results (e.g. Déqué et al. 2007 ).
The changes in annual precipitation over the coarse nest are shown in Fig. 3 . The south-north contrast in precipitation changes across Europe, which is described in , is also indicated by the GCMs applied in this ensemble. The projected changes of the three realisations of ECHAM5 differ in their magnitude, but the overall pattern is similar. For Germany, the different realisations of ECHAM5 produce varying magnitudes of precipitation increase. The CLM downscaling of ECHAM5 indicates a similar pattern of changes in annual precipitation compared to the driving GCM, whereas WRF downscaling tends to a positive annual precipitation change. The climate change signal of CCCma3 is in the same range as that of ECHAM5 R3, but in this case the CLM downscaling intensifies the climate change signals compared to CCCma3. On a seasonal scale precipitation change patterns of the ensemble members for winter are similar to the annual one, but for Northern Europe the projected increases are even larger (not shown). For spring, positive precipitation change signals are also projected for Central and East Europe except for ECHAM5 R3. In summer, the projected decrease of the precipitation signal is more extended in space and magnitude compared to the annual one except for the WRF simulation which produces an increase in mean precipitation from the north-east of the domain into Central Europe. In autumn, a stronger precipitation decrease for the Mediterranean region is simulated compared to the annual results. The transition from positive changes in the north to negative ones in the south moves with the season and varies between the ensemble members. The varying transition and similar precipitation change patterns for Europe were also found in previous studies, e.g. in PRUDENCE Déqué et al. 2007) . No clear impact of the bias on the projected results could be found.
Overall, the GCM and coarse nest RCM analysis shows that the impact of different GCMs on the simulation results is in the same order of magnitude as the applied initial conditions (realisations) of the GCM. Furthermore, the impact of the RCM on the climate change signal is more dominant for precipitation compared to temperature, which was also concluded for the PRUDENCE simulations (e.g. Déqué et al. 2007 ). Note, however, that precipitation is simulated differently by the different models as it is a sum of multiple processes within each single model. The end results can therefore differ between a GCM and an RCM due to the parameterisations used, and are not necessarily a result of resolution. CLM and ECHAM5 use a more similar parameterisation of precipitation, i.e. the Tiedtke scheme (Tiedtke 1989) , and have similar results, whereas the WRF simulation uses the Kain-Fritsch scheme (Kain 2004) , which might explain the different result for summer, as described above. The validation results with ERA40 boundary conditions ) have also shown largest differences in summer precipitation between the two RCMs CLM and WRF.
Fine nest simulations (7 km)
Changes in the seasonal cycle and annual mean temperature averaged over Germany are listed in Table 1 for all applied GCM-RCM combinations. Statistically significant temperature changes at the 95 % confidence interval are indicated in bold font. All simulation results show a mostly significant warming for all seasons and consequently also on the annual scale. The RCM simulations with ECHAM5 driving data project a warming between 0.8 and 1.3 K. The CLM simulations with CCCma3 driving data are in the same order with a projected warming of 1.1 K. On the seasonal scale, the ECHAM5 R1 driven RCM simulations show similar temperature changes with largest warming in winter and autumn. The REMO and CLM simulation results are comparable for both realisations of ECHAM5. The CCCma3 driven simulation shows a weaker increase in winter, but otherwise similar results as the ECHAM5 driven simulations. The ensemble mean values project larger warming in winter and autumn compared to spring and summer for Germany. The intra-ensemble standard deviation values indicate higher variability of projected warming of the different ensemble members in winter and spring.
In accordance to the coarse resolution results, the range of the projected climate change signals of the fine resolution ensemble over Germany (see above) is narrower on seasonal and annual scale than the bias range [annual: -2.9 For the ensemble members, numbers in bold font are statistically significant at the 95 % confidence interval to 0.5 K ] of the ensemble. In general, simulation results using the same GCM (here ECHAM5 R1 or R2) indicate that the RCM impact on the climate changes is relatively small on annual and seasonal averages. In contrast, the selection of the GCM and its initial condition (realisation) results in significantly larger variabilities of projected temperature change for both seasonal and annual averages. The spatial distribution of annual mean temperature change over Germany of the fine nest is shown in Fig. 4 . All RCM simulations project an annual mean warming over Germany, which is significant at the 95 % confidence interval for almost all grid points with a few exceptions in the south for the WRF simulation with ECHAM5 R1 driving data. For the ensemble mean the warming varies spatially between 0.9 and 1.3 K and an average of 1.1 K is projected for Germany. Some added small scale details are seen compared to the coarse nest simulations, but generally the patterns are the same. From the ensemble presented here, it is not possible to find any robust differences between the mean warming in different regions of Germany.
For precipitation, the projected changes on seasonal and annual scales averaged over Germany are listed in Table 2 . The seasonal and annual climate change signals of the ensemble members vary in both sign and magnitude. All ECHAM5 driven RCM simulations project an increase of annual precipitation in the range of 2 to 9 %. Here, minimum and maximum changes correspond with the same realisation of ECHAM5, which indicates a large impact of the RCM on the climate change signal of precipitation. The CLM simulations with CCCma3 driving data project a decrease of -2 % of annual precipitation over Germany, which, although not significant, could indicate a larger impact of using different GCMs. In contrast to the temperature change signal, only the ECHAM5 R1 driven WRF simulation and the ECHAM5 R2 driven CLM simulation show significant annual precipitation changes at the 95 % confidence interval. The RCM simulations using ECHAM5 R1 indicate largest precipitation increases in spring, in particular in March with values larger than 20 % (not shown), and autumn. In winter and summer, the climate change signals of the RCM simulations using ECHAM5 R1 vary also in sign. In winter, CLM and WRF project, in contrast to REMO, a precipitation increase and in summer CLM and REMO project, in contrast to WRF, a precipitation decrease. Different realisations of the GCM impact the RCM results significantly, which is more distinctive for CLM compared to REMO. The CCCma3 driven CLM simulation projects larger decreases of precipitation in summer compared to the ECHAM5 driven simulations. Most of the seasonal precipitation change signals are non-significant. In spring, two of seven ensemble members, and for the other three seasons only one member, project a significant precipitation change at the 95 % confidence interval. The ensemble means in Table 2 project positive precipitation changes for winter, spring and autumn and a negative change in summer. The intra-ensemble standard deviation values indicate higher variability of the projected precipitation change in winter. Except for the winter season, the RCM simulations with quite different biases [?30 to ?60 % for annual means )] project climate change signals which are much closer to each other (-2 to 9 % for annual means). The results also confirm the large variability of the magnitude and geographical details of the climate change signals for precipitation for Central Europe as described in . The corresponding spatial distributions of annual precipitation change over Germany of the fine nest are shown in Fig. 5 . The overlaying contours indicate regions with statistical significance of the climate change signals at the 95 % confidence interval. According to the results of Table 2 the projected annual precipitation changes are significant for large regions of Germany for the ECHAM5 R1 driven WRF simulation and the ECHAM5 R2 driven CLM simulation, and basically no significant regions for the other simulations. No similarities in the mean precipitation change patterns can be seen for the ensemble members. For the ensemble mean, the precipitation change varies spatially between -1 and 7 % and an average of 3 % is projected for Germany.
The comparison of the projected changes for mean temperature and precipitation of the coarse and fine resolution RCM simulations over Germany allows an estimation of the added value of high resolution regional climate simulations. In general, the projected climate change signals of the coarse domain are transferred to the fine resolution without strengthening or weakening the climate change signal. But the higher resolution adds some more detail in the spatial patterns. Furthermore, the climate change signals do not per se show the benefit of highresolution regional climate simulations in bringing high detail in the spatial patterns and added value to the precipitation intensity distributions (see Berg et al. 2012) . Figure 6 shows the projected changes of the probability density function (PDF) of daily precipitation intensities, from here on defined as days with at least 0.1 mm of precipitation. In general, the intensity distributions of the CLM and WRF models are comparable indicating a decrease of lower precipitation intensities and an increase for higher intensities. Similar changes in the intensity distribution of precipitation were also found in previous studies, e.g. Boberg et al. (2009 Boberg et al. ( , 2010 . The change point is approximately at 6 mm/day. WRF produces slightly higher decreases of lower intensities and higher probabilities in particular for moderate intensities in the range of 10-20 mm/day compared to the CLM driven ECHAM5 R1 simulation. Different realisations of the GCM impact the precipitation PDFs somewhat, see e.g. CLM results of ECHAM5 R1 to R3. The precipitation PDFs of the REMO simulations differ significantly in comparison to the CLM and WRF results driven with the same realisations of ECHAM5. In general, smaller changes of the REMO PDF are projected for the low, moderate and higher intensities up to 40 mm/day, but intensities above 50 mm occur more frequently within the REMO simulations using ECHAM5 R1. The REMO simulation using ECHAM5 R2 projects an For the ensemble members, numbers in bold font are statistically significant at the 95 % confidence interval increase of lower intensities, and thereby deviates strongly from the other simulations. The deviation of the REMO model in the projected changes might be a reflection of the bias in the REMO precipitation intensity distribution presented in Berg et al. (2012) . When CCCma3 is used as GCM, the projected precipitation PDF differs significantly from the ECHAM5 simulations, however the general trend of a decrease of lower intensities and an increase of higher intensities is also present, but first the magnitude of the projected change is less, and second the change point is shifted to approximately 11 mm/day. Again, the differences in the CCCma3 driven simulation could be due to the bias in the precipitation intensity distribution as presented in Berg et al. (2012) . The shift of the change point is an interesting result in comparison to Boberg et al. (2009 Boberg et al. ( , 2010 , where the change point was found to be remarkably similar between different GCM and RCM combinations.
Overall, all components of the multi model ensemble, the GCM and its realisation as well as the RCM, impact the projected change of the probability density functions of precipitation significantly. The analysis of the probability density functions indicates already in general an increase of higher precipitation intensities for all ensemble members. For the investigation of regions which are projected to be more affected by heavy precipitation events in the future, the spatial distribution of the projected percentage of wet days in For the ensemble members, numbers in bold font are statistically significant at the 95 % confidence interval the 95 percentile value of the present time period occurs less frequently in the future time period. All RCM simulations project a mean probability increase of the 95 percentile value over Germany. The ensemble mean indicates a probability increase for each grid point in Germany in the range of 0 to 1.3 % units, and an average of 0.5 % units. For the individual ensemble members the projected climate change signal is less clear. The corresponding spatial distributions are very heterogeneous. In particular the REMO simulations also project regions with a probability decrease of the 95 percentile value of the reference period. The CLM and WRF simulations with ECHAM5 driving data show larger regions with significant changes of the 95 percentile value of the present time period. There are, however, no robust patterns between the ensemble members to indicate vulnerable regions. In general, the results indicate that all components of the multi model ensemble (GCM, its realisation, or RCM) impact the probability changes of high precipitation events significantly. Furthermore, it is worth mentioning that the spatial distribution of the projected change of the 95 percentiles differs from the mean annual precipitation change patterns.
For the above analysis of projected climate change in precipitation intensities only wet days are considered. But also the projected differences in the number of wet days or dry days respectively is central to climate change assessments. The spatially averaged values over Germany of the climate change signal of the number of wet days on seasonal and annual scales are listed in Table 3 . For the ensemble mean the number of wet days is projected to increase in spring (5 %) and decrease in summer (-4 %). Contrary to these projections are the projected increases of the ECHAM5 R1 driven WRF and ECHAM5 R2 driven REMO simulations in summer and the decrease of the ECHAM5 R3 driven CLM simulation in spring. For winter and autumn the climate change signals of the ensemble members compensate to approximately no change. Most of the projected changes on the number of wet days are non-significant. On an annual scale, only the CLM driven CCCma3 simulation shows a significant decrease at the 95 % confidence interval which is mainly due to the reduction of the number of wet days in summer. For the ECHAM5 simulations only one of six members show either a significant increase of the number of wet days in spring or a significant decrease in summer. The results show that, according to the projected mean precipitation changes, all model components impact the projected changes of the number of wet days significantly.
Changes in dry periods are even more important than the number of single dry days for many climate impact studies, in particular for agricultural research. Hence, exemplarily the projected percentage change of dry periods of more than 5 consecutive days over Germany are shown in Fig. 8 . The projected climate change signals of the ensemble members vary in sign and magnitude. On average over Germany, four members indicate an increase and three a decrease of dry periods for the future time period. Furthermore, the corresponding spatial distributions differ significantly ranging from very patchy to more homogeneous signals. The ensemble mean indicates, except for the north-west part, an increase of the number of dry periods of more than 5 days with an overall average of 3 % for Germany. The time-series of the projected climate change signals are in this case not normally distributed, thus the Student's t test was not applied. In general, the results indicate distinctive variations with respect to the selection of the GCM, its realisations and the RCM.
Summary and conclusions
The projected climate change signals of a multi model ensemble based on two GCMs (ECHAM5 and CCCma3) and two RCMs (CLM and WRF) were presented. The presented ensemble of regional climate simulations is characterised by its high spatial resolution of 7 km using a two nest procedure over Europe and Germany and to our knowledge the first long-term regional climate simulation of the RCM WRF for Central Europe. The ensemble was extended by two ECHAM5 realisations downscaled with the RCM REMO at a slightly coarser resolution of 10 km. The simulations were carried out for the present and future A1B scenario (2021-2050) time periods.
All GCM simulations project a significant warming over Europe on seasonal and annual scales, which is transferred to both nests of the RCMs. For precipitation, all GCM simulations project an increase of annual precipitation in Northern and a decrease in Southern Europe. For both variables, the impact of the two different GCMs on the simulation results is in the same order of magnitude as that due to the applied initial conditions (realisations) of a single GCM. The impact of the RCM on the climate change signal is more dominant for precipitation compared to temperature. In comparison to the GCM climate change signals, the RCM simulation results tend to less warming. The projected temperature and precipitation changes for Europe as well as the different impacts of GCMs and RCMs on the climate change signals agree with previous results (e.g. Déqué et al. 2007) .
For the fine nest, all simulation results project a significant annual warming over Germany in the range of 0.8 to 1.3 K and an average of 1.1 K for the future time period.
The results indicate that most of the variability of the projected temperature change is caused by the GCM and its initial condition (realisation).
For mean precipitation the climate change signal of the fine nest is less clear. The selection of the GCM impacts both the sign and magnitude of the projected change. The selection of the RCM also impacts the climate change signal significantly. Over Germany changes of annual precipitation in the range of -2 to 9 % and an ensemble mean of 3 % are projected. The wet day precipitation intensity distributions project a decrease of lower intensities and an increase of moderate and higher intensities for most ensemble members. But the results show that the projected changes of precipitation intensities vary significantly for the different ensemble members. In contrast to previous studies (Boberg et al. 2009 (Boberg et al. , 2010 also the change point between decreases at low intensities and increases at higher intensities is not model independent.
The climate change signal of the number of wet days projects annual changes in the range of ±4 % for the future time period with an ensemble mean increase in spring of 5 % and a decrease of -4 % in summer. The projected changes in the number of dry periods of more than 5 consecutive days indicate varying climate change signals for the ensemble members in the range of -4 to 13 %. The analysis shows that the range of projected precipitation changes within the ensemble is the result of significant variations in the wet day precipitation intensity distributions as well as in the number of dry days and dry periods of the ensemble members.
The significance tests of the changes in mean temperature show a robust increase for all ensemble members. In contrast, the significance tests of the changes in mean precipitation, heavy precipitation and the number of dry days show that none of them offer robust results. Often only one or two members of the ensemble show significant results, and they often disagree on both the sign and magnitude of the changes (see Tables 2, 3 ). Changes in these variables are thus highly uncertain.
Altogether, the analysis of this ensemble in simulating present climate in part I ) and projected climate changes in this paper (part II) have shown the potential and benefit in bringing high detail in the spatial patterns and the added value in particular to the precipitation distributions even though the simulations suffer from biases in most variables. Despite the different biases of the regional climate models, the range of projected climate change signals for temperature and precipitation are much closer. Subsequent climate impact studies have to be aware of and cope with these uncertainties. Ensemble approaches are recommended to make the variations and uncertainties of the projected climate change signals visible.
